LI QU D CRYSTAL POLYACRYLATES 225 7432 This invention relates to
a novel nethod for preparation of liquid crystal polyacrylates and to sone

novel liquid crystal polyacrylates prepared using this. nethod. Liquid
crystal polyacrylates are a generally known type of liquid crystal polyner
("LCP"). LCP's are known and arf used in the electro-optical
device industry, for exanple in optical storage deV|ces I n non-1linear

optical devices and in pyrg@k@@é&hﬁsﬂﬁﬁﬂgﬁéﬁb o exanple 7

and Makronol Chem (1985) 1 - WH LTy e of LCP z%ﬁi?a'g?@ {
pol ymeric backbone to which are attached |aterally pendant side chains

whi ch have a chem cal structure that is nesogenic, ie that induces liquid
crystalline character, these being known as-side chain liquid crystal —
polymers. Work in this field has identified a | arge nunber of types of side

chai n strmdst Uienthibs N relgtess Uithad|rvel SAthbar fdiX apPépara®idd 4@&F8 71 Ryuilor
sone purposes it is desirable that the LCP shows a snectic C (Sc) or

C_hidral h&ﬁ%}@hp ol Fadnyllaités!i Gnar ¥6 tsdhe MRER, 18qiida OFYstatul pollyucpyritesr ed
sl ae chaln t1or

prepared using this method.

Liquid crystal polyacrylétes are a generally known type of liquid

crystal polymer ("LCP"). LCP's are known and are used in thé

electrb-optical device industry, for example in optical storage devices,
in non-linear optical devices and in pyroelectric devices, see for

example GB 2146787 A and Makromol Chem (1985) 186 2639-47.

One known type of LCP consists of a polymeric backbone to which are
attached laterally pendant side chains which have a chemical structure
that is mesogenic, ie that induces liquid crystalline character. these
being known as -side chain liquid crystal polymers.  Work in this field
has identified a large number of types of side.chain structures which
are suitable, see for éxamplg GB 2146787 A. For some purposes it is c
desirable that the LCP shows a smectic C (Sc) or chiral smectic C (Sc%)
liquid crystal phase, and & particularly preferred side chain for
achieving this is one which contains laierally fluorinated biphenyl or

terphenyl system.



achieving this is one which contains laterally fluorinated bi phenyl or

t er phenyl system 2 In liquid crystal polyacrylates the backbone

consi sts of a polyacrylFate, ‘eg pol ynethacrylate chain with pendant side
chains, ie of general structure: [err] [err] Were [err] is the side chain
and R is hydrogen or alkyl in the case of polyal kyl acryl ates, being net hyl
in pol ynethacryl ates. Such liquid crystéal pol yacryl ates are known, eg
gﬁ; descrlbed H%E Pol ymer _Conmuni catj ons 1988 24 364-365. | n Makronol .

m Rapt® AgHHFIYEE I?Pl?‘)acrgégte\%ﬁh%maﬁ*‘ §P‘i‘%‘sltﬁq?ﬁ ¢ BPYRACEYIYP6h yner s

are descrlbed hawhrggrﬁ&eneéhaalmstwr gt

polynmet pendant side chains, ie of general °

structure:

L
COO(CH, ) =X
~ Where (CH,),-X is the side chain and R is hydrogen or alkyl in the case
of polyalkylacrylates, being methyl in polymethacrylates. Such liquid
crystal polyacrylates are 'kﬁown. “eg as described iﬁ' Polymer
Communications (1988) 24 3645365. In Makromol. Chem. Rapid Commun.
(1984) 5 393-398 chlofoacryliciliquid'crystal polymers are described
having a general structure: |
Y | | : :

COO(CH, ) =X

in which R is methyl or chlorine, the latter being said to favour Sc

phases.

Synthesis of such liquid crystal polyacrylates has proven difficult, and
there is a need for an improved method of synthesis. It is believed
that these difficulties arise from the attachment of the spacer (CH,)_

into the acrylate ester monomer of the polyacrylate too early in the



[err] [err] in which Ris methyl or chlorine, the latter being said to
favour Sc phases. Synthesis of such liquid crystal polyacryl ates has proven
difficult, and there is a need for an inproved nethod of synthesis. It is
believed that these difficulties arise fromthe attachnment of the spacer
[err] into the acrylate ester nononer of the polyacrylate too early in the
synthesis, and the invention, as wellqas providing novel materials, seeks
to alleviate these difficulties in part at |east by the provision of a
novel nethod of attachnent of such a spacer group into suitable acrylate

ester NDNOgR{thesi¥,C Oéﬂd n g:hb 0 irRkfRtichY el iwall d20pPbvidifgi thoveYStmdkerials,

ol yacr Iate honp or mer s ving a repeat uni are provided:
poly y eeks to allevi te Xhese deaf‘icuPties part at least by ghe provision

of a novel method of attachment of such a spacer group into suitable

£

acrylate ester monomers.

According to this invention, novel liquid crystal polyacrylate homo
or co-polymers having a repeat unit I are provided:

-ecan ~CR, I

COO(CH ) WX

wherein R, and R, are independently alkyl or hydrogen; R3 is alkyl,
hydrogen or chlorine; m is O or an integer 1-20; W is a linkage group
C00, 00C or O and X is a mesogenic group of formula III:

O OSRO O

A B c D

wherein a, b and x are independently O or 1; Y is C00, 00C, CH,0 or
OCH, ;
hydrogen and Z is cyano, halogen, -R, -OR, -OOCR, -COOR, OOCOR, or
-(C0) O*CH(CH,)COOR where * indicates an asymmetric centre and R is ~
01_15 alkyl, including alicyclic, which may itself contain an asymmetric
centre which may be halogen substituted or methylated or CF‘3 substituted
and p is O or 1; when Z is OOCR then R may also be C(H)(R'')OR' wherein

R'* is C, , alkyl and R' is C,_,, straight chain alkyl;

A, B, C and D are independently methyl, chlorine, fluorine or

provided that when formula I is a homo-polymer and W=0, then at least
one of A,B,C,D is not hydrogen;

provided that when a=0, B=H, W=0, x=1, Y=CO,, C=H, b=1 and D=F then Z
does not equal CN;



[.err] [err] wherein [err] and [err] are independently alkyl or hydrogen;

[err] is alkyl, hydrogen or chlorine; mis 0 or an integer 1-20; Wis a

| i nkage group COO, OOC‘or 0'and X is a mesogenic . group of formula I1l]

[err] A [err] wherein a, b and x arelindependently 0 or 1; Y is COO

OOC, [err] or [err]; A, B, Cand D are independently nethyl chlorine

fluorine or hydrogen and Z is cyano, hal ogen, -R -

% or [ epndvidedhe that whefinafiOs 2Beh A0 a &5 met=CPer Seﬁt rté'oaﬁ'éFn & d‘i’%s [B9%]
, |nclqg¥E@ @i cyclic, which may itself contain an asymretric centre

mhlch may be ogen substituted or methylated or CF3 substituted and p is

‘0 or 1; when Zis OOCR then R may also be C(H)(R')OR wherein R' is[err]

al kyl and R gjiculifi %\}Eeﬁﬁﬂ%@m whBsésh RlR/EH, M o¥iHled héiylyheb=ke0 mB=a=H, i s

a hono- pol ymer and t hen I
POty n=3~-1 W=0, Z = metl%txy,ea%oxo,necyg;m B&r fﬁio[r)' I,S not hydrogen;

provided that when W=COO, Z = halogen, straight chain alkyl or alkoxy,
B=C=H, then the total of a+b+x does not equal O.

According to a further - aspect of this invention ‘a method for the
preparation of a polyacrylate homo or co-polymer having a repeat unit I

is provided comprising polymerisation of acrylate ester monomers of

./ formula II with a catalyst in a solvent under irradiation or heat
conditions:
+CR1R2-?R3+ - I
COO(CH,) WX
R1R20=CR3COO(CH2)MWX 11

wherein R, and R, are independently alkyl or hydrogen; R3 is alkyl,
hydrogen or chlorine; m is O or an integer 1-20; W is a linkage group
C00, 00C or O and X is a mesogenic group of formula III:

KPP Prek

wherein a, b and x are independently O or 1; Y is COO, 00C, CH,0 or
OCH,; A, B, C and D arei;ndependently methyl, chlorine, fluorine or
hydrogen and Z is cyano, halogen, -R, -OR, -00CR, =-COOR, OOCOR, or
-(CO)pO*CH(CH3)COOR where * ‘indicates an asymmetric centre and R is
Cl__15 alkyl, including alicyclic, which may itself contain an asymmetric
centre which may be halogen substituted or methylated or CF3 substituted
and p is O or 1; when Z is OOCR then R may also be C(H)(R'')OR' wherein

R'' is 01_5 alkyl and R' is C, ,, straight chain alkyl.



provi ded that when a=0, B=H, WO x=1, Y=[err], C=H, b=1 and D=F then Z
does not equal CN; 4 provided that when a=O B=H, WO, x=1, Y=[err],
C=F, b=0O then Z does not equal CN, excluding terpolynmers wherein
[err]=[err]=H, [err]= Hor nethyl, a=b=%=0 B=C=H, me3-11, WO Z =

met hoxy, ethoxy, cyano or fluoro; provided that when WCOO, Z = hal ogen,
straight chain alkyl or al koxy, B=C=H, then the total of atb+x does no

equal 0. Afeorprefgrences exprassed haloriars: with IespRAIERIAE-ALIR (0BRSSOt he |
prepar at i Grephracipal Yaid ubéAnBSdEnOpreparpeg WigGid @vystala pobycaylatest by | S\

provi ded conprisjn ol risatio f acryl ate ester nononers of fornula

Il wth %’%E%’E;il‘g% n i#nghess(?l Q‘é‘r'?{lagﬁcﬁﬂ&e Yradiation or heat conditions:
Preferably R, and R, are hydrogen. Preferably R3 is hydrogen, chlorine
or methyl. m is O or an integer 1-20. Preferably m is 5-15, especially

10 or 11. Lower m values are believed to result in desirable higher
clearing points.

Preferred groups X for preparation of liquid crystal polyacrylates which
are expected to show an S, or S.° phase are fluorobiphenyl and terphenyl
systems ie of general formula IIIA:

=’
T R,
in which a and x are O or 1, c is 1 to 4 and the fluorine substituents
may occupy any of the substitution positions on the two or three rings.
Especially preferred structures for groups of formula IIIA are listed
below:
F. F F ~
IITAl IIIA2 IIIA3
F F F F F
IIIAbL I11A5 IIIA6



[err]*[err] [err] wherein [err] and [err] are independently alkyl or
hydrogen; [err] is alkyl, hydrogen or chlorine; mis 0 or an integer 1-20;
Wis a linkage group GOO 00C or 0 and X is a nmesogenic group of formula
[11: [err] wherein a, b and x are independently 0 or 1; Y is COO QOCC,
[err] or OCHZ; A, B, Cand D are independently nethyl, chlorine,
fluorine or hydrogen and Z is cyanf, halogen, -R -OR -OOCR - COCR
%DCR or [err] where * indicates an asynmetric centre and R
) [err] alkyl, including alig¢yclic, which may itself contain an asynmetric

centre which may be ogen bst ito _Eg or nethylated or [err]_sybstituted
and pis 0 or 1, € S may also be C(H (R ") A fherein R
“is [err] alkyl and R 1s [err] stralght chain alkyl.

P F

3
_ | o
_®_coo ——@_65-2 IIIA 10
. F
cooz S IIIA 11
—@- coo z | IIIA 12
D0 — @) i 3
For the formation of Sc phases preferred groups Z in formula IIIA are
C;~C;, -OR where R is n-alkyl. For Sc* phases -OR or -COOR where R is

asymmetrically substituted alkyl especially 2-methyl' alkyl such as

2-methylheptyl, lactate ester eg -OCH* (ECH:,")COOR. with or without halogen



5 The preferences expressed below are with respect inter alia to ease of
preparation and usefulness in preparing liquid crystal polyacrylates by

pol ynmeri sation of these acrylate esters. Preferably[err] and [err] are
hydrogen. Preferably [err] is hydrogen, chlorine or methyl. mis O or an

I nteger 1-20. Preferably mis 5-15, efpecially 10 or 11. Lower mval ues are
believed to result in desirable higher clearing points. Preferred groups X

for pr @t tiioRf sldhddid crystal pol yacryl ates which are expected to shows
an [er%ﬁﬁgr ter?ﬁ %Lase are fluorobi phenyl and terphenyl systens ie of N

general formula Il A: [err] in which a and x are O or 1, cis 1 to 4 and
the fluorine substituents nay occupy any of the substitution positions on
the twogpr three rings. Eﬁgecially preferred structures for groups of
formulajIPIA are listed bel"ow. :

RCHCOO-; ROCHCOO-;
» -
?Hs Tl
ROCHCOO-; R-CHCOO-;
& ¥
F Me CH3
| | -
R-CHCOO-; RCHCOO-; =-C00~-
» *

particularly with R as ethyl groups are preferred for Z.

The polymerization reaction may be carried out using known methods of
preparing polyacrylates from acrylate ester monomers, but it is
preferred to react the acrylate ester monomer with a catalyst
azo-iso-butyronitrile (AIBN) in a solvent, preferably dichloroethane,
toluene or especially dichloromethane, as it is believed the latter may
lead to a higher molecular weight polymer product. Other free radical o’
initiator catalysts may also be used in place of AIBN, and it may be
useful to irradiate or heat the reaction mixture during the

polymerization reaction.

Acrylate esters of formula II above may be prepared by reacting a
compound of forsula IV:

Y-(CH, ) _-COOX v

where Y is broaine or iodine, with an acrylic acid sodium or potassium



F K Flerr] 6 F FIIIA9 F F For the formation
of Sc phases preferred groups Zin fornmula Il1A are [err] -OR where Ris
n-al kyl . For Sc phases<-OR or -COOR where Ris asymetrically substituted
al kyl especially 2-nmethyl alkyl such as 2-nethyl heptyl, |lactate ester eg

-OCH ([err])COOR, with or w thout haloqfn

salt of formula:

R,R,C=CR,COOM -

where M is sodium or potassium.

It is preferred to carry out the reaction between the compound of

formula IV and the acrylic acid salt at room temperatufe (ca. 20°C) in
a suitable solvent, preferably hethethyl phosphoramide (HMPA). The
acrylate salt may itself be prepared by reaction of the corresponding
acid R1R20=CR3COOH with the metal hydride MH, eg NaH in the same
solvent, hydrogen being evolved. Preferably a 1.1 : 1.0 excess of the

acid to the hydride is used.

In a preliminary synthetic stage, the compound of formula IV may be
prepared by esterification of a suitable phenol HO-X, with an acid of
formula Y-(CH,),-COOH, eg in a solvent such as dichloromethane using
trifluorocacetic anhydride (TFAA) as a catalyst. Phenols of formula HO-X
are known or may be prepared by methods apparent to those skilled in the
art, for example by treatment of known phenylboronic acids with hydrogen
peroxide (see M F Hawthorne J Org Chem (1957) 22 1001). Examples of
methods by which such boronic acids can be prepared are given in GB

8905422A.

Acrylate esters of formula II and the polyacrylate polymer are believed
to be novel. Those having a group X of formula III, in particular of
formulae IIIA and the sub-variants of this IIIA 1 - IIIA 14 are expected

to be of particular value in providing Sc and/or Sc* 1liquid crystal



7 substitution such as [err] [err] [err] ROCHCOG ; R- CHCOO-; F

Me CH | | R- CHCOO ;

RCHCOG- ; -COO particularly with R as ethyl groups are
preferred for Z. The polynerization reaction may be carried out using known
met hods of preparing polyacryl ates fr@nl acrylate ester nononers, but
it is preferred to react the acrylate ester nononer with a

catal yst pa7padr§abed yr Ot rdueR (pﬂlﬁwrymtés Séhoke Min wREEH G ably chlgrine

di chl or oet hane.” tol uene or especial l'y “di chl oromethane, as3it 1s I eved \4

the | att aighBy becagkpeetaa hitghshowral gradter teaghéy RQ YoRE ser Oghisks QHaR'
free radical initiator catalysts may al so be used in place of AIBN, and it

- may be their counterparts with R, as hydrogen or alkyl.

The invention will now be illustrated by way of non-limiting examples,
with reference to Figure 1 which shows the effect of varying the spacer
length = on the clearing point, ie the temperature at which the polymer

becomes an isotropic liquid.
Using the method outlined above the polyacrylate polymer:

- (=CH,— CH~) == F

!:oo(CH,)_coo z

was prepared for a number of groups Z using the reactions:



useful  to irradiate or heat the reaction mxture during the
pol yneri zation reaction. Acrylate esters of formula Il above nmay be
prepared by reacting a<conpound of formula IV: [err] where Y is brom ne or
iodine, with an acrylic acid sodium or potassium salt of formula: [err]
where Mis sodiumor potassium It is preferred to carry out the reaction
bet ween the conpound of formula IV and10he acrylic acid salt at room
temperature ([err]) in a suitable solvent, preferably hexanethyl
pkosphorami de (HWA). THe acrylate salt nmay itself be prepared by

0 . (0 6 =
reaction of the correigon ac[ezrr] [err] with the netal hydrlde IVH,

- -eg NaH in the sane

Br (CH, ) -COOH

" TFAA
Dichloromethane
F

Br(CHZ)_COOZ |

| ' H,C=CHCOOH
NAH

N/

HMPA

F .
CH,=CHCO0(CH, ) C00 —G—@-z

AIBN, Dichloromethane, 2g monomer
in 40ml solvent, reflux under N,,

48 hr.

The following asymmetrically substituted fluorobiphenyl polyaérylates
were synthesised. The differential scanning colorimetry (DSC)

[ temperatures indicate phase transitions.



sol vent, hydrogen being evolved. Preferably a 1.1 : 1.0 excess of the acid.
to the hydride is used. In a prelimnary synthetic stage, the conpound of
formula IV may be prepared by esterification of a suitable phenol HO X,
with an acid of formula Y-([err])-COCH, eg in a solvent such as

di chl oronet hane using trifluoroaceti clfmhydri de (TFAA) as a catal yst.

Phenol s of formula HO X are known or itay be prepared by nethods apparent to

t hose skill i he art, for exanple by t LRRR kno oronic,-,
acids with ﬁgld*%%en peroxide (see MF Ha\i/)\fﬁor neé{]ﬁgvg m\ﬂg%agﬁcg%%? 22 N
1001). , Exanples of nethods by which such @i c_acids Wﬁwp’ared
are given in GB 8905422A. Acryl ate esters o ormula Il an e ’

pol yacrgfgate polyner gfe believed to be novel. Those having a group X of

f or mul aj 141, in particylLar of fornulae I11A and the sub-variants of this

I11A 1 enddoleuy, : { 6 )-bo2werpnr 2.qul28.2val ue | Sartyotbsluig Sc
and/ or Fc* l'iquid crys

No phases
identifiable

|

Cl-l2 F

|

clzcnscoo(cnz)mc (0 y— o)~ 02%cctyl Tg 0.87 No phases
identifiable

e’

I

CH, F

| »

CCH,CO0(CH, ), ,C00 ._@_ OLACT Tg 10.2 cp 6.3°

|

2%ctyl = 2-methylheptyl

*

Lact = OC*H(CH,)COOC.H,

To investigate the effect of pendant chain length on the transition

temperatures of polymers, the following polyacrylate was synthesised

with three different spacer chain lengths: —

b ;

<|:nc00(cu,)_coooc,n,.,-n



9 polyacryl ates. In such polyacrylates those in which [err] is
~chlorine m ght be expected to show a greater tendency to form Sc phases
than their counterparts with [err] as hydnn@gen or al kyl. The invention wl|
now be illustrated by way of non-limting exanples, with reference to
Figure 1 which shows t DSCTHANSITDON IEMP/I0y t he spaNECROSOOPTIO EXAMINATEON
clearing point, is the tenperature at which the pol yner becones an
isotropic liquid. Using the nethod outlined above the_pol yacrylate pol ymner:
derr] [err] was prepared for a nunber of groups Z usi r[g t he reactions:

5 108.9, 157.4 S,

7 b6.7, 67.2, 123.7 . : S, f’ Focal conic texture

visible

10 k7.4, 95.4, 111.9 S, |

These results show that as m increases there is a corresponding decrease
in the clearing point. The effect of m on the clearing point Tcl is

(7 shown graphically in Fig 1.

All of the polyacrylates prepared above were polymerised using
dichlorcethane as solvent which tends to produce polymer chains about
9-40 repeat units long. To :l.miestigate the effect of using toluene a

sample of the polymer:

F

C00(CH, ),C00 oc,ni.,-n

was prepard by polyﬁerisation in dichloromethane, dichloroethane and

—g-g—

toluene as solvents.

SOLVENT * DSC_TRANSITION TEMPS/°C

Dichlioroethane 46.7, 67.2, 123.7(cp)
Dichloromethane 156(cp)

Toluene 41.6, 60.6, 113.1(cp)



F [err] Dichloronethane F [err] [err] [err] [err] [err] AIBN,

Di chl or onet hane, 2g nononer in 40m sol vent, refl ux
foll ow ng asymretrically substituted fl uorobi phenyl

under N2, 48 hr. The
pol yacryl ates were

synt hesi sed. The differential scanning colorinetry (DSC) tenperatures

I ndi cat e phase transitions. 13

The transition temperatures are lower in toluene, suggesting that the

two polymers differ in molecular weight.

The following polyacrylate polymers were also prepared using the method

of this invention:

& ,.-

|
fncm(cu,) mcooo:e"m:eyl

|
CH,

F

c;mcoown,)mcoo—- @—COOZ'octyl

|
CH, F

clzncm(cnz) 10C00 C002%0ctyl
[

ci, v

|
GO1000(CR ),,000 oC,H, ,

a-

|
CH,

HCOO (CH, ) o-@-coo .{E).ooc'pcnoc,,u17

S-S 49°C

|
cacm(cu,),,c-@—coo—@—-@-ocncsnw s-1 1ko°C

-a-

F
THQOO(CHz)11°'@_®— 0C, H,,

Repeat Units

= 15

S-1 88°C

Repeat Units



POLYMER DSC TRANSI Tl ON M CROSCOPI C TEMP/ C

EXAM NATION [err] [err] 0 02*octyl 2.7, 28.2
Sandy texture No phases identifiable [err] [err]
02*octyl Tg 0. 8? No phases identifiable [err] [err]

OLACT Tg 10.2 cp [err] 2*octyl = 2-nmethyl heptyl Lact =
OC*H([err])[err] To investigate the effdct of pendant chain | ength on the
transition tenperatures of polyners, the follow ng polyacrylate was

syt hesi sed with thr?e di fferent spacer chain |engths:

CH,

F
i
cc1000(cn.‘,)mcoo 0C, H,, . S-1 139°C
F

Repeat Units

=11
l
CH,
lcuc00(cn2)mcoo 0C, H,, S,-S, 88°C
' S,-S, 117°C
. S,-SI 147°C
N
!:H2 F o cH, S-1 61°C
lCHCOO(CI'IZ)NCOO 0'(31-1061{13 Repeat Units
(. | | -1
!:H2 F Sc-I 137°C
!:c1coo(cn2)m OCgH, , Repeat Units
| - 3
N cI:u.‘, F s,-Sc 47°C
| c':ncm(cnz)mcooocenw Sc-S, 95°C
| ' | s,-1 112°C
Repeat Units
l = 10
CH, | CH,

! {
CHCOO(CH, ) ,,0 —@—coo—@- COOCH,CHC,H,  Tg - 7
| v

S-1 84°C



| [err] [err] 12 DSC TRANSI TI ON TEMP/ [err] M CROSCOPI C

EXAM NATI ON 5 108.9, 157.4 [err] 7
46.7, 67.2, 123.7 [err] Focal conic texture visible 10
47.4, 95.4. 111.9 [err] ¥hese results show that as m

ase in the clegaring point. The
shown graphi ly in Fig 1. Al of

e S ot E, S PR "N

I ncreases there is correspondi ng decr
effect of mon thé:qzl eari ng poi nt Tcl i

t he pol yacryl at es abovs er e
as sol vent which t%ﬁ;&??%e)pl 'd'U'G YALL:

. &
c HeCOO(CHz)lOCOO-@—G—OEHQH: Sc-I 46°C
l Repeat Units

= 12

The following polyacrylate copolymers were also prepared using the

method of this invention. -
| F
::c‘moo(cn, ),,coo 0C,H,,
cuz ca, S-1 116°C
fncoowa,)u _G)-coo-.- c:oocac,,n,3 Repeat Units
14
F
|
T O O o mT
cuz S-I 94°C

cacoo(cn,)u —®—coo—®—coocuco Et Repeat Unit

| 10



9-40 repeat units long. To investigate the effect of using toluene a sanple
of the polyner: [err] [err] was prepard by polynerisation in

di chl or onet hane, dichl oroet hane.and tol uene as sol vents. SOLVENT -

DSC TRANSI TI ON TEMPS/ [ err] Di chl or oet hane 46.7. 67.2, 123.7(cp)

Di ¢chl or onet hane 156(cp) Tol uene 41. 6. 60.6,
113. 1(cp) 13 The transition tenperatéres are lower in toluene,

gg?gesting that the two polyners differ in nplecular weight. The foll ow ng
pef yacryl ate pol yneris were al so prepared using the nethod

CHCOO(CH, ) ,,C00 —.—d’ OCqH,;. S-S 39°C

& CH S-I 97°C

P
cI:Hc00(cn 2)1,0 _@_coo_@_ coo@ Repeat Units

=9
cucoown )mcoo_H_ ocsu,., s-S 37°C
| a.‘, S-1 76°C
o/
dicoo(en,) 0 _®_ —<E>_coocm:6n13 Repeat Units
| <10



of this invention: [err] [err] CH2

[err] 14 15 16
17
CLAIMS
1. A liquid crystal polyacrylate homo or co-polymer having a repeat unit I:

—6031":",3“3‘2' I
COO(CH, ) WX

wherein R, and R, are independently alkyl or hydrogen; R3 is alkyl,
hydrogen or chlorine; m is O or an integer 1-20; W is a linkage group
C00, 00C or O and X is a mesogenic group of formula III:

wherein a, b and x are independently O or 1; Y is COO, 00C, CH,0 or
OCH,; A, B, C and D are independently methyl, chlorine, fluorine or
hydrogen and Z is cyano, halogen, -R, -OR, -O0CR, -COOR, OOCOR, or
-(CO)pO*CH(CH3)COOR where * indicates an asymmetric centre and R is
Ci-15
centre which may be halogen substituted or methylated or CF3 substituted
and p is O or 1; when Z is OOCR then R may also be C(H)(R'')OR' wherein
R'' is Cl_5 alkyl and R' is C, ,, straight chain alkyl;

alkyl, including alicyclic, which may itself contain an asymmetric

provided that when formula I is a homo-polymer and W=0, then at least

one of A,B,C,D is not hydrogen;

provided that when a=0, B=H, W=0, x=1, Y=CO,, C=H, b=1 and D=F then Z

does not equal CN;

provided that when a=0, B=H, W=0, x=1, Y=CO,, C=F, b=0 then 2 does not
equal CN;

excluding terpolymers wherein R,=R,=H, R3 = H or methyl, a=b=x=0, B=C=H,
m=3-11, W=0, Z = methoxy, ethoxy, cyano or fluoro;

»* c L " s *



R 17 CLAIMS A liquid crystal polyacrylate hono or co-polymer having a

g

repeat unit |I: 18 provided that when WECOO, Z = hal ogen, straight chain
al kyl or al koxy, B=C=HS theh the total of %+b+x does not equal 0. 2. A
liquid crystal polyacrylate polynmer according to claiml in which the
mesogeni ¢ group X is a fluorobi phenyl or terphenyl system of general
fernula [1TTA [err]

A

v/ provided that when W=C00, Z = halogen, straight chain alkyl or alkoxy,
B=C=H, then the total of a+b+x does not equal O.

2. A 1liquid crystal polyacrylate polymer according to claim 1 in which the
mesogenic group X is a fluorobiphenyl or terphenyl system of general
formula IIIA:

—1— (F),

(000)x—z | ITIA

\/ a -

wherein a and x are O or 1, c is. 1 to 4 and the fluorine substituents

may occupy any of the substitution positions on the two or three rings;

provided that if a=0 then x=0.

-« ¢ L M § =x



wherein a and x are O or 1, cis 1 to 4 and the fluorine substituents may
occupy any of the substitution positions on the two or three rings;

provided that if a=O then x=0. 111211111 111111 12112111112111111 * C L M
S 19 3. A liquid crystal polyadPylate pol ymer according to claim
I

[
2 in which the particularly preferred nesogenic group X is of fornmula I11Al
to Il

6: F . . . F 4, A
i qui Prcrydt at T B9, SEYSfe: ROEFTHHATCRUIPEF AFLEIIE T S aip 2 iR Whichythe
parti cul ar Iparpiaflariegdrefereinesageoilp gtous Hfisf of florauld TAVAL ol ITIAG: F N\~
11 A7 z F

F F
F F F
o’
F F F
. A liquid crystal polyacrylate polymer according to claim 2, in which the
particularly preferred mesogenic group X is of formula IIIA7 to IIIA9:
F
IIIA7 0 0 0 )Z
'’

IIIA8

.

o o o o Z e
| O L



20 A liquid crystal polyacrylate polynmer according to claim2 in which the
particularly preferred nesogenic group X is of formula II'A10 to IIIA13:

21 A liquid crystal polyacrylate polynmer according to claim2 in which the
preferred Z groups are [err]-OR where Ri®0n-alkyl; -OR or COOR where Ris
asymmetrically substituted al kyl especially 2-nmethyl al kyl such as

2-met hyl heptyl; lactate ester such-as [err] with or w thout hal ogen

stibstit i onX ligeid crygral pplyecrylatecpelymeeraqeoRdi@Oto | ahaihpdrin whicir the
preferred i spfReasubldly! pireERASI mesogenic group X is of formula ITIAL0 to IIIA13:

F
IIIA10 cooz

F
F
IIIA12 -@-cooz
N

F

* [ L L] S *



22 7. A method of preparing liquid crystal polyacrylate polyners
of the following formulae conprising polynerisation of acrylate ester
nononers with a catalyst in a solvent under irradiation or heat conditions
[err] [err] wherein[err] and [err] are i lependent |y al kyl or hydrogen; R3
is alkyl, hydrogen or chlorine; mis O or an integer 1-20; Wis a |inkage

group and s.a ne eni roup of. . .formul |n a, b

ana'X Gre | RadsgH gty apiaciyIRd Befyscpboqtapg Gy clata 2 1o whiach (thng

D are i ndeppfe:fbmt-écy 2rgrbyps aeélcg [ AOR WHewrerR nis aralkydn og-emz andCOORi ehaseaao

hal ogen, [ re,. S

asynmmetric %sent r%%ﬂg [er s]tga'%?gl ai]kn‘E: %é?écfﬁtfﬁ 92 ¢ h(‘:yq'w%ilkeﬁl i #8el f

contai n an 2snathplheéptyl; lactate ester such as -OCH(CH )COOR with or without
halogen substitution such as  -RCH(CF,)C00-, ROCH(CF,)C00-,
ROCH(CH3)C00. RCH(C1)C00-, RCH(F)C00, RCH(Me)COO-,

CH
3
R-C00- @ . particularly preferred is R as ethyl groups.



centre which may be hal ogen subétituted or nethylated or CF3 substituted
and pis 0 or 1; when Zjs OOCR then R may also be C(H(R')OR wherein R"' -

is [err] alkyl and R Ts [e?r] strai ght chain al kyl. 23 8. A net hod
according to claim 7, in which the22 catalyst is
azo-iso-butyronitrile. 9. A nethod according to claim8, in which the
catalyst is _another free radical . .initiator. _10. A net hod accordlng to

otaim 77+ in Gni%athpfie afo| RRSPRrinRg dL LB GRETURAROLyegrylats BRlyEeRs Of  the

detording t 0ollﬂw&h§ﬂ Jf@rinﬂiﬂ.d&b@di’pzﬁbﬁn@ PoYpi¥rishGiont 6f URAPlaty ester monomers

dlcfﬂ()roet|1aneth a caé%ly%t iﬂ a solvent under irradiation or heat conditions

—{?;R R, CR I

COO(CH ) WX

wherein R, and R, are independently alkyl or hydrogen; R3 is alkyl,
hydrogen or chlorine; m is O or an integer 1-20; W is a linkage group
S C00, O0C or 0 and X is a mesogenic group of formula III:

APk
A a B C D b

wherein a, b and x are independently O or 1; Y is C00, 00C, CH,0 or
OCHz; A, B, C and D are independently methyl, chlorine, fluorine or
hydrogen and Z is cyano, halogen, -R, -OR, -0O0CR, -COOR, OOCOR, or
-(CO)pO*CH(CH3)COOR where * indicates an asymmetric centre and R is
Ci-15 :
centre which may be halogen substituted or methylated or CF3 substituted
and p is O or 1; when Z is OOCR then R may also be C(H)(R'')OR' wherein
R'' is C,.; alkyl and R' is C,_,, straight chain alkyl.

alkyl including alicyclic which may itself contain an asymmetric

RN O ) P



10.

11.

23

A method according to claim 7, in which the catalyst is

azo-iso~-butyronitrile.

A method according to claim 8, in which the catalyst is another free
radical initiator.

A method accordihg to claim 7, in which the solvent is dichloromethane.

A method according to claim 10 in which the solvent is toluene or

dichloroethane.




